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Interference effects are widely neglected in searches for new physics. This is the case in recent publications on searches for W -bosons using leptonic final states.
We examine the effects of interference on distributions frequently used to determine mass limits for possible W -bosons and show that there are important qualitative effects on the behaviour of the new physics signal.
There are two main consequences. Firstly, exclusion limits where interferences effects have not been considered are likely to have been overestimated. Secondly, presenting experimental results as a function of a transverse mass cut rather than in terms of the contribution of new physics to the total cross-section would be more informative.
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I. INTRODUCTION
Heavy charged W -bosons arise in a number of theories that extend the Standard Model (SM) gauge group 1 . The Left-Right symmetric (LR) class of models [2] [3] [4] , based on the enlarged symmetry SU (2) L ⊗ SU (2) R ⊗ U (1), is an old and popular example; within these models the discovery reach of the LHC has been recently re-investigated [5] [6] [7] and bounds have been derived using results published by the LHC collaborations [8] . A second class is represented by extra-dimensional theories [9] [10] [11] , where W -bosons emerge as Kaluza-Klein excitations of the SM gauge bosons. Within the ADD model, the phenomenology of signals from extra charged gauge bosons at the LHC have been discussed in Refs. [12, 13] . In the RS1 model with gauge bosons in the 5D bulk and fermions on the UV brane, analogous results are published in Refs. [14, 15] . Five-dimensional models can also be deconstructed to the usual four-dimensional space-time [16] [17] [18] [19] [20] [21] [22] [23] [24] , where they are described by chiral Lagrangians with extended gauge symmetries. Within this framework, Higgsless theories find their natural 5D interpretation. The simplest deconstructed model is called minimal Higgsless model (or 3-site in the linear moose language), and represents the 5D interpretation of the old BESS model [25, 26] . The tension between ElectroWeak Precision Test (EWPT) and unitarity requirements constrain the W ± -boson to be almost fermiophobic [27] [28] [29] [30] [31] . Its next-to-minimal extension (or 4-site model) described in Refs. [1, [32] [33] [34] [35] [36] relaxes the abovementioned dichotomy thus allowing sizeable couplings between extra W ± -bosons and SM fermions as predicted by more general extra-dimensional theories. Technicolor models represent the last class of theories implying the existence of new heavy charged gauge bosons [37] . This class, which historically provides an alternative electroweak symmetry breaking (EWSB) mechanism to the Higgs procedure, predicts multiple extra W ± (and Z ) bosons [38] . For a recent phenomenological study, see [39] .
Experimental searches for a W -boson at the Tevatron and the LHC are usually inter-preted in the context of a benchmark scenario inspired by Ref. [40] . This model just includes one extra charged vector boson with couplings to fermions identical to those of the corresponding SM W -boson, and no mixing with the EW SM bosons. In this paper we consider two representative models: the above model, which we refer to as the "benchmark model", and the 4-site model [32] [33] [34] [35] [36] , which we feel is relevant in this context as fermion couplings larger than in the more minimal 3-site model can be expected. Furthermore the phenomenology of the latter model is close to that of Technicolour-type scenarios, so it should be representative of this class of theories as well.
We use this framework to quantitatively discuss the topic of this paper, which is the magnitude of the interference terms between BSM contributions and SM background, and the importance of such terms in new physics signals. We note that at least some experimental analyses performed by the LHC collaborations -the latest ones were published this summer [41, 42] -do not include interference in computing the expected W -boson signal. For these analyses Monte Carlo events are generated with PYTHIA, where the W and the SM background are simulated separately. These two contributions are then summed to represent the prediction of the model, i.e. their mutual interference is assumed to be negligible. Within a generic model, this assumption is valid close to the W resonance peak, but may not be elsewhere.
In this paper, we show the effect of the interference terms on the physical observables used to search for a W -boson. The published results from the LHC collaborations are mainly based on analysing final states with one isolated charged lepton and a neutrino. We will show the impact of the interference terms on the dilepton transverse mass distribution. The effect of interference is well known and has been previously discussed [43] , in the context of W decaying to tb. Subsequent analyses of this channel have considered the interference [44] , whereas analyses using other final states have not. In this paper we focus on the leptonic channel W → lν l . It should however appear clearly that, in general, interference effects can be important and their relevance should be established in particular analyses.
Similar computations of interference effects to the ones we present here, for the same process, have been performed previously [45, 46] . In the first reference, the author points out that the interference effect provides the most sensitive means of determining the helicity of a potential W while in the second paper the focus is on the evaluation of Next-to-Leading order (NLO) QCD effects. As interference is still not taken into account in on-going searches, we discuss here the consequences of accounting for this contribution in experimental analyses.
We aim to discuss more specifically experimental searches and strategies used to extract and present exclusion bounds on the W mass. In the experimental analyses performed to date, the expected signal is calculated taking into account only the pure W -boson contribution. Although the search is conducted in a limited higher-energy region where the importance of the interference terms is indeed reduced, the results are then extrapolated over the whole mass-range in order to present limits on the cross-section that are independent of any kinematic cut. However, the interference between W and SM background results in a significant change in the signal prediction: the BSM contribution to the total cross-section can even be negative. Thus, this latter quantity is not, for a generic model, representative of what the signal is in the search-window, and expressing the observed limit in terms of it is not the most convenient choice. We therefore argue that the way of presenting 95% CL upper limits on the W -boson production cross-section could be improved, and that leaving in a kinematic cut on the dilepton transverse mass would be more meaningful and useful to theorists.
What we want to stress is that, unlike other effects such as NLO QCD corrections, the interference contribution varies greatly over the kinematic range; it does not simply shift the prediction by an overall factor. In the region of interest -close to the BSM resonance peak -the interference is negligible as expected, therefore taking it into account should not significantly shift the value of exclusion bounds on W -boson masses. Outside of this range, however, it becomes important, thus is fundamental in determining an appropriate search-window.
Although the interpretations of current searches are perfectly valid assuming a purely right-handed W , transposing these results to a more general case is not trivial because of the interference. We also hope to convey the message that in any search where interference may occur and not only in this particular W example, its importance has to be established.
In Section II, we discuss the interference terms and their generic effects. We underline their potential impact on event generation and their importance to the signal of BSM physics.
In Section III, we quantify our considerations focussing on the heavy W -boson search at the LHC considering, as mentioned before, a benchmark scenario based on Ref. [40] and the 4-site Higgsless model [1, [32] [33] [34] [35] [36] , and we analyse the extraction of the 95% CL exclusion bounds on the W -boson mass. We comment, in particular, on the way the 95% CL upper bound on the BSM physics cross-section is presented by the experimental collaborations.
II. THE IMPORTANCE OF INTERFERENCE TERMS
A. Background, signal & interference
In general, when considering a specific process that occurs both in the SM and in the BSM model under investigation, there will be both SM and BSM diagrams contributing.
This happens, in particular, if one considers a model in which SM particles have heavier partners with similar interactions (e.g. one or more left-handed W -bosons, as right-handed ones would not actually couple to the same states, thus would not contribute to the same matrix-element as the SM W -boson). Since the probability for the process to occur depends on the total amplitude squared, there will be cross-terms between SM and BSM diagrams on top of the purely SM or BSM contributions. In other words, the matrix element squared entering the computation of a cross-section is
The first of these terms is the SM prediction, which constitutes the irreducible background in the search for new physics. The other two thus form together the signal of new physics, since it is defined as the difference between the prediction of the hypothesised model and the SM. The part of the signal that mixes together SM and BSM contributions is usually referred to as the interference term.
It should be noted that, whenever one amplitude is significantly larger than the other, the corresponding squared term will dominate the whole expression; on the other hand, if both amplitudes are of the same order, all three terms of the expression will be comparable in magnitude.
To illustrate the effects of interference, we focus on a simple case of particular interest:
a process in which the s-channel exchange of a given particle and of the corresponding heavier resonance are the only contributing diagrams. This is what happens in the Drell-where m i are the masses of the resonances, a i the corresponding couplings to SM fermions, and s is the center-of-mass energy squared.
The above-mentioned interference term is often neglected, and thus only the contribution of the extra heavy resonance alone is usually taken into account. For instance, the current implementation of the benchmark model taken from Ref. [40] in PYTHIA does not include interference. We will show that, although this approximation is reliable around the resonance peak, it is not valid outside the peaking region. The validity domain of such an approximation should be checked before performing any computation and not just in the context of the charged Drell-Yan process with a W -boson.
B. Relative sizes & interplay
In energy-ranges close to either the SM or the BSM resonance, provided the BSM coupling is not too small compared to the SM one (generally true for cases of interest), the background or the pure BSM term, respectively, will dominate. However, there will be a region somewhere between the two resonances (m 2 SM < s < m 2 BSM ) where these two terms are of the same order (in the zero-width limit and if a SM = a BSM , they are equal for
. If the pure BSM term and the background are of the same order, then the magnitude of the interference must be comparable to the other terms (in the zerowidth limit, when background and BSM part are equal, the interference is twice as large as each of the other terms).
To summarise, it should be obvious from eq. (2) -if the couplings are not too different from each other and the widths not too large -that as one approaches the SM peak, the absolute magnitudes of the three terms are ordered as follows:
close to the BSM resonance, the hierarchy is inverted:
but then there is an intermediate region where
The interference is therefore never the smallest contribution 2 . If one wants to consider the intermediate energy range in any way (for instance fitting to the shape of the distribution in this region), the interference cannot be neglected. When subtracting the background from the prediction, one cannot then consider the lower-energy region without including the interference, as it dominates the signal there.
When the BSM coupling is small and/or the width of the extra resonance large, so that even at the BSM resonance peak the background is important, the effect of the interference is particularly striking: because of the sign change at the resonance, it makes the peak more visible than one would expect when considering only the pure BSM contribution.
The other important feature of the interference one should note is that it is negative in the entire range m 2 SM < s < m 2 BSM , unless the coupling factor appearing in the interference term is negative, which happens only if the interaction structure of the BSM particle differs from the corresponding SM one in a particular way. In our case of interest, the W would have to couple non-universally to fermions, with a sign-difference between the lepton and quark couplings. The Un-unified Standard Model is an example of one such case [47] .
We chose to focus our attention on the case where the interference is destructive between the resonances: firstly, because it corresponds to the standard benchmark scenario; secondly, because it leads to an important change in the behaviour of the BSM prediction, which becomes negative in a large region of interest.
When considering hadron collisions, the partonic cross-section has to be convoluted with the parton distribution functions (PDF). Moreover, when searching for a W -boson in a charged lepton plus neutrino final state, the kinematic observable used is the dilepton transverse mass m T , not √ s. These details do not modify the general features we have just discussed, as should be evident from the results presented in the following sections.
If more particles contribute and/or the interaction structures of the particles are not the same, then extra complications occur. For instance, in the corresponding Z process there 2 At both resonance peaks the interference changes sign and therefore is the smallest of all three contributions in the narrow region where this happens, whose size (in
, with m i and Γ i being the mass and width of the corresponding resonance.
are two SM particles contributing: the Z and the photon; these do not couple to fermions of one helicity only unlike the SM W , and the contributions from the down-type and uptype quark processes are in general different. As a result, in the large variety of Z models [1] , one observes differences in the relative size and sign of the interference. In the present paper we focus on the charged Drell-Yan channel with SM-like W -bosons (i.e. destructive interference), and will confine any discussion of the neutral case to future work.
C. Problem with event generation
The inclusion of the interference term in computing distributions and cross-sections is easy from the theoretical point of view, especially for 2 → 2 particle processes like the Drell-Yan production and decay of W -bosons. The problem arises only when generating the expected number of events in a complete simulation.
When investigating different BSM scenarios in detail, and generating events for each case, one would wish to separately consider the SM part, which is common to all, and the "model dependent" BSM prediction. If the two contributions to the cross-section are both positive, it is straightforward to independently produce background and new physics events, and then add these up using appropriate re-weighting. It is thus possible to simulate the SM events once (which represents the largest number of events in general), thereby saving computational time.
We have though just pointed out that the non-SM part of the cross-section can be negative. So unless a consistent procedure for "subtracting" events is established, overcoming the problem of dealing with negative weights, the separation between SM and BSM contribution in the event generation is not possible. One could simply generate everything every time, but the required computational effort makes this solution impractical.
D. The importance of an m T cut and/or including the interference
When considering hadron collisions, thus integrating the partonic cross-section (convoluted with PDFs) over the whole energy range, the interference can be the dominant contribution to the BSM signal, making the predicted total cross-section smaller than in the SM. The pure BSM term alone cannot properly represent the new physics contribution to the total cross-section simply because the interference term contains a SM factor, which becomes large at lower energy.
In order to isolate new physics, one should cut out the low-energy region where the SM dominates (and where subsequently the interference term becomes large compared to the pure BSM contribution). In the case of a W -boson search in charged lepton plus neutrino final states, this means implementing a minimum m T requirement. This is indeed a common approach in experimental search strategies.
Observed experimental limits are currently expressed in terms of the contribution of the pure BSM term alone to the total cross-section, as a means of making them independent of any kinematic cuts. As we just have argued, the meaning of this particular quantity is not straightforward when considering a model in which the interference does not vanish.
Furthermore what is not necessarily obvious and we therefore want to stress is how extrapolating the result over the complete range is not useful from a theoretical point of view. If one wants to compare an observed limit with a complete BSM prediction that includes destructive interference, imposing a high enough m T cut is a necessity. Knowing the value of the m T cut used in the data analysis, it is in principle possible to undo the extrapolation step and obtain at least an estimate of the limit on the cut cross-section by rescaling the limit on the total cross-section according to the fraction of pure BSM contribution in the search-window. This might only be an approximation if additional corrections enter the extrapolation procedure experimentalists use. More importantly it is only possible to recover limits corresponding to the specific values of the m T cut used in the experimental analyses. For some models (in general for a high enough W -boson mass), the provided cuts might not be optimal, i.e. the predicted BSM cross-section including the interference would be larger for a higher m T cut. This theoretical cross-section might even be negative for the given cuts; one would then have to extrapolate the provided limit to a higher m T cut in order to make a comparison, which should lead to an underestimation of the bound on the mass of a W -boson. Conversely, neglecting the interference in such a case would result in a too strict mass exclusion limit.
As the optimal m T cut strongly depends on the model, we suggest that the observed limit on the BSM cross-section should be presented as a function of a minimum m T cut.
The theoretical prediction (including the interference) could be then accordingly computed keeping the m T cut dependence. Note that the theoretical cross-section for the complete BSM signal is maximal when choosing the m T cut such that the differential cross-section (in m T ) is zero at the cut, thus integrating over the positive region only.
We conclude this section with a few additional side remarks.
As argued above, it is important to implement an m T cut, whether it is to make sure the interference can reasonably be neglected or in order to guarantee the predicted crosssection to be positive. Going back to the issue raised in section II C, if a high enough m T cut is chosen, one can ensure the positiveness of the differential cross-section thus of the weight of the generated events. It should therefore be possible to generate separate BSM events including the interference contribution provided the kinematic range is appropriately restricted.
If one is interested in more sophisticated search techniques involving fitting to the shape of the distribution, and no peak is clearly visible, this implies considering the intermediate energy-range where the interference is an important contribution and cannot be ignored.
Finally, because of the interference, a reduction of events will be predicted below the region where the BSM peak starts to emerge over the background. If the deviation is significant enough, this might actually be a useful way to probe hypothetical resonances at higher energy. It might at least have an effect on how the background should be estimated, and thus care would be required in that respect as well.
In the next section, we illustrate our considerations by considering the W -boson search in the Drell-Yan leptonic channel, pp → W, W → lν l , within the benchmark and the 4-site models.
III. HEAVY CHARGED GAUGE BOSONS AT THE LHC
In this section, we give quantitative examples of the destructive interference pattern discussed in Sec. II. We use two reference models: the benchmark and the 4-site. We also analyse the impact of the interference terms on W -boson searches at the 7 TeV LHC.
A. The benchmark model
In the benchmark model inspired by Ref. [40] , the W -boson is considered a heavy analogue of the SM W -boson with the same couplings to left-handed fermions. Thus, W decay modes and branching ratios are very similar to those of the SM W -boson, with the only exception being the top-bottom quark channel which opens up for W masses above 180 GeV. No mixing (or interaction) with SM gauge bosons or other heavy gauge bosons such as Z s is assumed. Its width (neglecting the top-quark mass) is therefore simply
As discussed in the previous section, the prediction of this model does contain interference.
One could imagine a similar model in which the interference vanishes by making the W right- Within this benchmark framework, CDF [48] and D0 [49] searched for a W -boson in the electron-neutrino final state, and extracted a 95% confidence level (CL) exclusion limit on the W mass equal to 1.12 TeV [48] . Recently, searches in the combined electron-neutrino and muon-neutrino final states by both CMS and ATLAS notably extended the lower limit to: m W ≥ 2.27 TeV and 2.15 TeV, respectively (see last publications [41, 42] and previous ones [50] [51] [52] ).
These analyses are based on the production of W -bosons and their subsequent decay into a charged lepton (electron or muon) and a neutrino, with an individual branching fraction of about 8.5%. As neutrinos give rise to missing transverse momentum in the detector, the selection criteria require candidate events with at least one high transverse momentum lepton. The off-peak, high-end tail of the SM W -boson production and decay constitutes the irreducible background, which is the primary source of noise. Reducible backgrounds are also considered (see Ref. [41] and references therein for details). We concentrate on the signal and its irreducible background, that is on the process:
with l = e, µ and lν l = l −ν l + l + ν l , and at 7 TeV center-of-mass energy. For the experimental analyses, several large Monte Carlo (MC) samples are used to evaluate signal and background efficiencies. The MC samples for both the W signal and its electroweak irreducible background are produced using PYTHIA at LO [53] . A mass dependent k-factor for the next-to-next-to-leading order (NNLO) correction is calculated and applied to the LO cross-section. The W contribution and the irreducible background are evaluated separately as events are generated using PYTHIA, in which the interference has not been implemented for this process.
Because the neutrino cannot be measured, the experimental analysis must rely on the transverse mass of the leptonic system instead of its invariant mass, making a potential W peak less prominent. Wide search-windows are thus generally used, in which the interference might matter.
As an illustration, in Fig. 1 we show the differential cross-section in the electron-neutrino transverse mass, m T (eν e ), at LO in both electroweak and QCD interactions, for the LHC at 7 TeV (using CTEQ PDF). We consider two representative values for the W -boson mass: The inset plots display the interference term normalised to the complete theoretical prediction.
region which can be assumed to be BSM physics free can extend up to around 600 GeV.
Within that approximation, the BSM physics contribution is indeed apparently below the 5% level in that range. However, if one includes the interference (blue solid curve) the situation changes. The m T region where the BSM physics contribution can be considered negligible shrinks down to about 300 GeV for the two representative W -boson masses we have chosen. Therefore the effect of the interference should be taken into account when defining a procedure to estimate the SM background.
We now concentrate more specifically on the W -boson signal (i.e. subtracting the SM irreducible background). In Fig. 3 , we plot the differential cross-section in the dilepton transverse mass for two representative values of the W -boson mass: m W = 2000, 2400
GeV. We compare the W signal prediction with and without the interference term. As already anticipated, the complete signal becomes negative below a certain m T value. While the approximate result is positive-definite over all the m T range. In the LHC analyses the mass dependent k-factor for the next-to-next-to-leading order (NNLO) correction is calculated and applied to the LO "pure" signal cross-section. Since the effect of the interference is significative, it would be advisable to refer instead to the computation given in Ref. [46] where this term is taken into account. We should not expect the picture to change significantly though, as the QCD corrections will affect the "production side" of the process, while the interference effect has to do with the propagator factor in the partonic cross-section.
To quantify these effects on the integrated signal cross-section, in Fig. 4 we plot the cumulative result as a function of the lower cut on the dilepton transverse mass, m T cut . We If a lower m T cut is imposed, the approximation can overestimate the signal cross-section by an amount which depends on how far from the Jacobian peak the m T cut is chosen. This is summarised in Tab. I, where we show the overestimation of the W -boson signal crosssection in percent via a comparison between the approximate and complete calculations.
The values for the m T cut have been chosen according to the latest CMS analysis [41] .
For the selected W -boson masses, the discrepancy can range from 4% to 64%. Such an overestimation of the new physics signal leads to placing a too strict exclusion bound on the mass of a W . The effect should not be too dramatic though, but big enough to be considered nevertheless. 
B. The 4-site Higgsless model
The 4-site Higgsless model represents the next-to-minimal extension of the 3-site Higgsless model [54] that corresponds to a particular choice of the BESS model [25, 26] . They both belong to the class of deconstructed Higgsless theories [16] [17] [18] [19] [20] [21] [22] [23] [24] . In their general formulation, these theories are based on the SU (2) L ⊗ SU (2) K ⊗ U (1) Y gauge symmetry, and contain K+1 non-linear σ-model scalar fields interacting with the gauge fields, which trigger the spontaneous electroweak symmetry breaking. They constitute a viable alternative to the standard EWSB mechanism based on the existence of a light fundamental Higgs boson. in [27] , while some of its phenomenological consequences are analyzed in [32] [33] [34] [35] .
In the unitary gauge, the 4-site model predicts two new triplets of gauge bosons, which acquire mass through the same non-linear symmetry breaking mechanism giving mass to the SM gauge bosons. Let us denote with W ± iµ and Z iµ (i=1, 2) the four charged and two neutral heavy resonances appearing as a consequence of the gauge group extension, and with W ± µ , Z µ and A µ the SM gauge bosons. Owing to its gauge structure, the 4-site Higgsless model a priory contains seven free parameters: the SU (2) L ⊗ U (1) Y gauge couplings,g and g , the extra SU (2) 1,2 gauge couplings that, for simplicity, we assume to be equal, g 2 = g 1 , the bare masses of lighter (W ± 1 , Z 1 ) and heavier (W ± 2 , Z 2 ) gauge boson triplets, m 1,2 , and their bare direct couplings to SM fermions, b 1,2 . However, their number can be reduced to four, by fixing the gauge couplingsg,g , g 1 in terms of the three SM input parameters e, G F , m Z which denote electric charge, Fermi constant and Z-boson mass, respectively. As a result, the parameter space is completely defined by four independent free parameters which we choose to be m 2 , z, b 1 and b 2 , where z = m 1 /m 2 is the ratio between the bare masses. In terms of these four parameters, physical masses and couplings of the extra gauge bosons to ordinary matter can be obtained via a complete numerical algorithm [35] . In the following, we choose to describe the full parameter space via the physical observables: m W 2 , z, a W 1 , a W 2 which denote the mass of the lighter extra charged gauge boson, the ratio between bare masses (which, as shown in [35] is a good approximation of the ratio between physical masses m W 1 /m W 2 ), and the couplings of lighter and heavier extra charged gauge bosons to ordinary matter, respectively.
In terms of the above quantities, the Lagrangian describing the interaction between charged gauge bosons and fermions has the following expression:
where ψ denotes SM quarks and leptons. This expression will be used later when discussing production and decay of the two extra charged gauge bosons in the Drell-Yan channel.
Any analysis is meaningless without deriving first EWPT bounds. In Ref. [35] , we used the i (i=1,2,3) parametrization [55] [56] [57] [58] A parton level analysis of the W 1,2 -boson search in the Drell-Yan channel at the 7 TeV LHC was recently presented in Ref. [36] . Here, we focus specifically on the effect of the interference between extra heavy W 1,2 and the SM W -bosons on the observables used in the experimental analysis of the final state with a charged lepton and a neutrino. We thus discuss how the distributions, presented in the previous section, appear in the 4-site model.
In Fig. 5 , we display the differential cross-section in the dilepton transverse mass, m T (lν l ) with l = e, µ, at LO in both EW and QCD interactions. The consequences of this behaviour are summarised in Tab. II. For the minimum m T cuts imposed by recent experimental analyses [41, 42] , the signal event overestimation induced by neglecting interference terms ranges between 6% and 266% in the considered mass spectrum. Compared to the previously discussed benchmark model, the 4-site displays a much stronger impact of the interference terms on the extraction of exclusion limits. As shown in the last column of the table, the complete signal cross-section is negative, just as in the W benchmark model, and provides another illustration of the discussion in section II D.
IV. CONCLUSION
In this paper, we have focussed our attention on the importance of interference effects in searches for new physics. Our concern is that such effects are often being neglected when analysing and interpreting observed data. To make our point, we have taken as sample case the extra heavy W -boson search at the LHC in the charged lepton plus neutrino final state.
We have considered two reference theoretical models in order to give a wider view: the socalled benchmark model inspired by Ref. [40] and used by CMS and ATLAS experimental collaborations, and the Higgsless 4-site model. A summary examination of the matrix element squared of the W -boson production To make quantitative statements about the implications of these effects, we have analysed the two above-mentioned reference models.
Our study confirms that the interference is minimal only around the Jacobian peak of the distribution in the dilepton transverse mass m T (lν l ), the key observable used in experimental analyses. Away from the peak, it is substantial. It can decrease the m T (lν l ) differential crosssection by more than a factor of four compared to the result with no interference included.
The size of this effect is model dependent and varies with the W -boson mass. Nevertheless, there is up to a factor of two difference already for m W 2.1 TeV, i.e. the value quoted as 95% CL bound on the W -boson mass in the latest CMS and ATLAS publications.
Neglecting the interference has several consequences. It should affect the estimate of the optimal cut on the m T (lν l ) variable to enhance the signal over background ratio, leading to an underestimation of the value of this cut. In addition, one generally overestimates the number of predicted signal events in the search window when using this approximation. The direct implication is that the extracted 95% CL exclusion bound on the mass of the heavy W -boson in published analyses is likely to be too strict.
Another consequence concerns the estimate of the m T (lν l ) range which can be assumed to be new physics free and thus used to derive a functional form describing the SM background via a fit to the observed data. The derived SM background is then extrapolated to the high energy range where new physics effects are expected to appear. In the cases we have considered, the above-mentioned new physics free range shrinks by roughly a factor three when including interference terms, its upper bound going from 600 GeV down to 200 GeV.
This implies that only the range strictly around the Jacobian peak of the SM W -boson can formally be considered to be new physics free. Even though points outside this range are taken into account, it can be expected that they do not contribute much to the fit, since most points lie in the lower-end of the range. Nevertheless, one should be aware of this effect and use appropriate care.
Lastly, the predicted signal cross-section for the production and decay of extra heavy W -boson(s) can be negative if the interference with SM background is included and no kinematic cut is applied. More precisely it is negative because it is dominated by the SM contribution through the interference term, therefore is not indicative of the characteristics of the new physics. Therefore, presenting exclusion bounds on the W -boson mass in terms of this observable does not have a clear direct meaning. Currently, the interpretation of experimental results is expressed via the 95% CL upper bound on the cross-section for the W -boson production and decay. This limit is cleaned up from any kinematic cuts, efficiency and acceptance factors in order to simplify its comparison with the theoretical signal crosssection and extract exclusion bounds on the W mass for any possible model. This choice makes sense if the new physics contribution to the cross-section is positive-definite and independent of the SM, which is only true if the interference vanishes or if it is neglected.
Our conclusion is that the cut on m T (lν l ) used for the data analysis should be kept in the definition of the 95% CL upper bound on the new physics cross-section. Presenting limits as a function of this cut would allow for better comparisons with arbitrary models, in particular including interference effects, by providing means to choose the optimal cut case by case.
Note added in proof
During the completion of this work, the CMS collaboration has released new results on the search for a new heavy gauge boson W' decaying to an electron or muon, plus a low mass neutrino [59] . This study uses data corresponding to an integrated luminosity of 5.0 inverse femtobarns, collected using the CMS detector in pp collisions at a centre-of-mass energy of 7 TeV at the LHC. It determines 95% CL mass exclusion limits for a range of W' models, also taking into account the interference between the extra W'-boson and the standard model W-boson. Moreover, they have been following our main suggestion for presenting and interpreting data.
